A series of new strobilurin derivatives with a substituted pyrazole side chain (5 and 6) were designed and synthesized. The new derivatives were synthesized from substituted phenones as starting material via esterification, cyclization and condensation reactions. All compounds were identified by 1 H NMR and IR spectral and elemental analyses. Preliminary biological evaluation showed that some of the compounds had good fungicidal activity against cucumber downy mildew (CDM) and wheat powdery mildew (WPM) at 6.25 and 1.56 mg L -1 , respectively. Some of the compounds showed insecticidal activity against armyworm (AW), green peach aphid (GPA) and culex mosquitoes at 600 mg L -1 .
A series of new strobilurin derivatives with a substituted pyrazole side chain (5 and 6) were designed and synthesized. The new derivatives were synthesized from substituted phenones as starting material via esterification, cyclization and condensation reactions. All compounds were identified by 1 H NMR and IR spectral and elemental analyses. Preliminary biological evaluation showed that some of the compounds had good fungicidal activity against cucumber downy mildew (CDM) and wheat powdery mildew (WPM) at 6.25 and 1.56 mg L -1 , respectively. Some of the compounds showed insecticidal activity against armyworm (AW), green peach aphid (GPA) and culex mosquitoes at 600 mg L -1 . The strobilurins are a class of fungicidal compounds modeled after natural compounds isolated from several Basidiomycetes species that inhabit decaying plant material in woodland soils, and they have, therefore, been applied to agricultural disinfectants in many countries [1, 2] . These compounds, which contain the methyl βmethoxyacrylate pharmacophore, act through inhibition of mitochondrial respiration by blocking electron transfer at the ubiquinol oxidation center (Q o site) of the cytochrome bc1-enzyme complex (complex III) [3] . The related methyl (E)methoxyiminoacetate pharmacophore [4] is represented in the synthetic strobilurin, Kresoximmethyl. Substituted pyrazole ring derivatives exhibit a broad spectrum of biological properties, such as antimicrobial [5] [6] [7] , herbicidal [8] , antitumor [9, 10] , and antiinflammatory [11] activities. For example, the fungicide Pyraclostrobin, which contains a 1H-pyrazol-3-oxy side chain, exhibits excellent biological activity [2] . We designed and synthesized a series of strobilurin derivatives containing methyl (E)-methoxyiminoacetate with a 1H-pyrazol-5-oxy side chain. Fortunately, we found that some of these compounds [12] displayed good fungicidal activities against cucumber downy mildew (CDM) and wheat powdery mildew (WPM).
Synthesis:
The synthetic route for the substituted pyrazole strobilurin derivatives is illustrated in Scheme 1. According to known methods [13] , substituted methyl 3-phenyl-3-oxo-propanoates (2) were prepared from substituted phenones (1) and "/" no data dimethyl carbonate. Intermediate 2 and methyl hydrazine were dissolved in methanol and the mixture was heated to reflux to obtain the substituted 1H-pyrazol-5-oxy (3) [14] . Subsequently, intermediates (3) were treated with one equivalent of (E)-methyl 2-[2-(bromomethyl)phenyl]-2-methoxyiminoacetate (4) in N,N-dimethylformamide (DMF) to afford the desired compounds (5) . The pyrazole derivatives (6) were prepared by reaction of the compounds (5) with aqueous methylamine in tetrahydrofuran (THF). All synthesized compounds were characterized by elemental analysis, and from IR and NMR spectroscopic data.
Biological activities: Evaluation of the biological activity of the reported compounds was performed as previously described [15] [16] [17] [18] . Biological data were reported as zero (indicates no control) to 100% (complete control). To compare the fungicidal activity of the synthesized compounds, two commercial fungicides, Azoxystrobin and Kresoximmethyl were used as standards. The fungicidal results are listed in Table 1 .
The title compounds showed some fungicidal activity against rice sheath blight (RSB) and cucumber grey mold (CGM), and very good activity against CDM and WPM at 400 mg L -1 . Azoxystrobin and Kresoxim-methyl exhibited excellent activity against RSB, CGM, CDM and WPM, with some of the title compounds providing similar disease control. Against CDM, compound 6B exhibited 90% control at 6.25 mg L -1 , which was comparable to Azoxystrobin. The fungicidal activity against WPM of compounds 5E, 5F and 5G was similar to that of Kresoxim-methyl and superior to that of Azoxystrobin at 1.56 mg L -1 . 
The results in Table 2 show that several compounds have insecticidal activity against armyworm (AW), green peach aphid (GPA) and culex mosquitoes (CM) at 600 mg L -1 , with no insecticidal and acaricidal activities against diamond backmoth (DB) and carmine spider mite (CSM). Compounds 5H and 6H gave 100% control of AW at 600 mg L -1 , while compounds 5C and 6B exhibited 100% control against GPA and CM at 600 mg L -1 . None of the compounds showed herbicidal activity at 1200 mg L -1 .
We have demonstrated the molecular design, synthesis, and bioactivity of a series of strobilurin derivatives with a 1H-pyrazol-5-oxy side chain. Preliminary biological evaluation showed that some of the compounds have good fungicidal activity against CDM and WPM at 400 mg L -1 , and insecticidal activity against AW, GPA and CM at 600 mg L -1 . The methyl (E)-methoxyiminoacetate compounds with R 2 = methyl have the best activity against WPM at 1.56 mg L -1 compared with the other compounds tested in this study.
The (E)methoxyimino-N-methylacetamide compound with R 1 = chloro and R 2 = hydrogen was most active against CDM at 6.25 mg L -1 . Further studies on fungicidal activity and the structure-activity relationship are underway and will be reported in due course.
Experimental
General: All starting materials and reagents were commercially available and used without further purification, except as indicated. Melting points were determined on a Büchi melting point apparatus and are uncorrected. 1 H NMR spectra were determined with a Mercury 300 (Varian, 300 MHz) spectrometer with CDCl 3 as the solvent and TMS as the internal standard. Infrared spectra were recorded using KBr discs and a PF-983G instrument (Perkin-Elmer). Mass spectra were recorded on a JEOL JMS-700 mass spectrometer. Conventional heating was carried out in oil baths using Corning stirrer/hotplates.
General procedure for the synthesis of methyl 3oxo-3-phenylpropanoate (2):
A reaction flask containing a suspension of 60% sodium hydride (0.1 M, washed with light petroleum), dimethyl carbonate (0.055 M) and 100 mL THF was heated to reflux for 0.5 h. A solution of the substituted phenones (0.05 M) in 100 mL THF was added dropwise for 0.5 h at refluxing. When the reaction mixture became clear, it was refluxed for a further 4-5 h. After completion of the reaction, the mixture was cooled and acidified with 36.5% hydrochloric acid, and filtered. The filtrate was poured into water and extracted 3 times with ethyl acetate. The combined extracts were washed with brine, dried and conc. under vacuum to obtain the crude oily product.
General procedure for the synthesis of 1H-pyrazol-5-oxy (3):
Intermediate 2 was dissolved in methanol and heated to reflux. Methyl hydrazine was added dropwise to the reaction solution. The process of the reaction was monitored by TLC. The reaction solution was evaporated, cooled, and the filtered solid was washed with methanol, dried, and white crystals were obtained.
Procedure for the synthesis of (5) compounds:
Substituted 1H-pyrazol-5-oxy (3) (4.96 mM) was dissolved in 5 mL of DMF, and 60% sodium hydride (9.00 mM, washed with light petroleum) was added to the solution, which was stirred for 0.5 h before (E)-methyl 2-(2-(bromomethyl)phenyl)-2methoxyiminoacetate (4) (4.98 mM) was added. The reaction mixture was heated to 80ºC and monitored by TLC. At completion (after 3 h), the mixture was partitioned with 50 mL of brine, and extracted 3 times with 100 mL of ethyl acetate. The combined organic extracts were dried, and concentrated to obtain the crude product. This was further purified via silica gel column chromatography, using a 1:4 (v/v) mixture of ethyl acetate and light petroleum (boiling point range: 60-90ºC) as the eluting solution, to obtain 5. {2-[(1-methyl-3-phenyl-1H- Preparation and fungicidal activity of strobilurin derivatives Natural Product Communications Vol. 4 (9) 2009 1219 Procedure for the synthesis of (6) compounds: Each of the (5) compounds (3.0 mM) was dissolved in 5 mL of THF and a slight excess of a methylamine solution (25-30%) was added, dropwise, to the solution. The mixture was refluxed for 1 h (the reaction was monitored by TLC), and then concentrated. Water was added to the residue and extracted 3 times with 50 mL of ethyl acetate. The combined organic extracts were dried and concentrated. The crude product was purified by silica gel column chromatography to obtain the compounds 6. 
(E)-Methyl 2-

